THE RECENT COMPLETION of the human genome sequence has shifted research efforts in genomics toward understanding the function of the human genome, its regulation, and how sequence variation contributes to disease. Large numbers of sequence variants throughout the human genome have been identified, and efforts are currently underway to understand the overall relationship between sequence variation on a genomic level, and the goal of identifying a subset of single nucleotide polymorphisms (SNPs) that will capture the vast majority of genetic diversity found in the human population. The hope is that this subset could then be used to identify genomic regions and SNPs, in genome-wide analyses, that predispose human beings to common disorders such as obesity, diabetes, or cardiovascular disorders.
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SNPs are, of course, already routinely used in human studies to test individual genes or genomic regions for their association with disease phenotypes. A number of SNPs have been identified in several genes that contribute to the complex etiology of diseases such as diabetes and hypertension. However, these studies often fail to verify causality of individual SNPs for the disease phenotype. Testing for functionality of a SNP is not a simple task. Testing amino acid-altering coding SNPs for their effect on protein function or testing promoter and splice site variants for their effect on gene transcription often requires elaborate expression constructs and analysis using in vitro systems. This analysis cannot be done for large numbers of genes or variants, and it fails to test the functionality of SNPs in intronic regions, unknown regulatory elements, or intergenic regions. Our current understanding of how the genome regulates gene expression and function is limited, and our knowledge mainly stems from our investigations of DNA sequences adjacent to individual genes. Since these regions only account for about 5% of the human genome, we have little knowledge of (and no high-throughput methodology to investigate) the vast majority of the human genome sequence.
In this release of Physiological Genomics, Pastinen et al. (1) propose an alternative path to investigate the effects of SNPs on gene expression in vivo. Rather than expressing SNPs in a reporter construct, they investigate the effect of SNPs on the amount of mRNA produced directly in the tissue of interest. RNA from cell lines heterozygous for the selected SNP is tested for allelic imbalance in the expression of the two alleles. Normally, both alleles of autosomal genes are expected to be expressed at equal levels. Any deviation from this equal ratio would suggest that the SNP allele in question (or another SNP allele in linkage disequilibrium with the one ascertained) somehow affects expression levels. The authors also show that the same correlation can be found when intronic SNPs are used (by looking at hnRNA), and they even show a haplotype for one gene (BTN3A2) that strongly affects gene expression levels of the two alleles.
This manuscript is the first description of a novel highthroughput pipeline for analyzing large numbers of SNPs and genes for such allelic imbalances, and this novel approach may help researchers in correlating SNPs with a direct cellular effect on a genome-wide scale. Although this does not answer the question of how these SNPs exert their effect, it will help in understanding why anonymous SNPs and haplotypes show association to specific disease phenotypes, and it may provide a first glimpse at potential intervention strategies to correct the expression imbalance. A comprehensive analysis of these allelic imbalances in gene expression may allow us to design specific therapeutics to correct the alteration in gene expression and therefore treat the resulting disease without explicitly knowing the causative SNP itself and its direct mode of action. In addition, showing a correlation between alterations in gene expression and genetic variation in individual genes will help to confirm results from association studies. It will provide more confidence for a notion that a particular gene plays an important role in the pathogenesis of a complex disorder such as diabetes and thus will allow more confident use of genetic information in managing the disease in affected individuals.
Other researchers have previously shown allelic imbalances in gene repression. In these studies as well as in the current reported analyses, 20-50% of all genes tested show signs of allelic imbalance in gene expression, and, in almost all cases, no obvious reason for this effect on gene expression is evident from the SNP itself. Given this high percentage of genes showing alterations in gene expression, the approach presented in the paper by Pastinen et al. (1) may provide significant insights into the biology of complex disorders in humans for a large percentage of genes, not just for a few rare cases.
Nonetheless, not all diseases are caused by altered gene expression levels. Thus analyzing the effect of SNPs on gene expression levels will not always explain the mechanism by which disease-associated SNP alleles cause the phenotypic changes. Alterations in DNA sequence may affect RNA stability, protein function, or other cellular mechanisms. Furthermore, SNPs associated with disease phenotypes may reside in (as of yet unknown) trans-regulatory elements, affecting gene function on other chromosomes. Studying the effect on expression of neighboring genes (and not of the gene actually regulated elsewhere in the genome) would show no correlation.
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In summary, the proposed high-throughput approach may not allow us to understand the mechanism by which all SNPs cause their effect, but its application to genome-wide gene expression analyses will allow researchers to confirm association results with a directly measurable effect on gene function, a significant step toward using genetic information to understand, treat, and possibly prevent common human disorders. Developing similar high-throughput approaches for the analysis of alternative mechanisms by which SNPs can cause disease will be one of the remaining challenges for genomic research.
